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DATUM FORMATION FOR IMPROVED ALIGNMENT OF
MULTIPLE NOZZLE MEMBERS IN A PRINTER

CROSS REFERENCE TO RELATED APPLICATIONS

This application relates to the subject matter
disclosed in the co-pending European Application Serial
No. , filed on the same date as the present
application, entitled "Side Biased Pen Datum Scheme for
Thermal Ink-Jet Cartridge", by the applicant herein
(Attorney Docket M ). The aforementioned
application is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to ink-~
jet printers, and more particularly, to the alignment of
multiple nozzle members installed in an ink-jet printer.

BACKGROUND OF THE INVENTION
Ink-jet printheads operate by ejecting a
droplet of ink through a nozzle and onto a recording

"medium, such as a sheet of paper. When a number of

nozzles are arranged in a pattern, such as one or more
linear arrays, the properly sequenced ejection of ink
from each nozzle causes characters or other images to be
printed on the paper as the printhead is moved relative
to the paper. The paper is typically shifted each time
the printhead has moved across the paper. The printhead
is usually part of a disposable print cartridge
containing a supply of ink, where the print cartridge is
easily installed in and removed from the printer.
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No. , filed on the sane date as the present application, entitled "Side
- Bi ased Pen Datum Schene for Thernal |nk-Jet carnﬁ$§&@}m39%nkﬁﬁm%Pp"Ca“t

herein (Attorney Docket M ). The aforenenti

i ncor porated herein by reference. FI ELD OF THE #m,(mﬂ‘f he
present invention generally relates to ink- jet

particularly, to the alignnment of nultiple nozzle menber s |nstalled in an
ink-jet printer. BACKGROUND OF THE | NVENTI ON | nk-j et printheads

operate by ejecfthngne despbgeat off ai thetriaqudhks jeez phrd ntndaartdraidygd ecor di ng
a pattern: E8oRrintoRakeR BBl troa Rl T, oK 4Bk PEERRS K audh ol "
ej ecti on othankellsotoesuppiyzink paoxama&ham@cbama of dheemdzwgess; t 0 be
2) a nozzle plate in which the nozzles are formed in a
5 certain pattern; and 3) a substrate attached to a bottom
surface of the nozzle plate, where a series of thin film
heaters are formed on the substrate, generally one below
each nozzle. Each heater includes a thin film resistor
and appropriate current leads. To print a single dot of
10 ink, an electrical current from an external power supply
is passed through a selected heater. The heater is
ohmically heated, in turn superheating a thin layer of the
adjacent ink. This results in explosive vaporization of
the ink causing a droplet of ink to be ejected through an
15 associated nozzle onto the paper.
One example of this type of print cartridge is shown
in Fig. 1 as print cartridge 10. Print cartridge 10
generally includes a body 12 which acts as an ink
reservoir. Body 12 may have formed on it one or more
20 projections, such as projection 13, to enable print
cartridge 10 to be secured in place within an ink printer.
The printhead portion 14 of print cartridge 10 includes a
metal nozzle plate 16 (such as a gold-coated nickel
plate), which has two parallel arrays of nozzles 17 formed
25 in it using conventional photolithographic techniques.
Nozzle plate 16 is attached by an adhesive to an
underlying substrate (not shown) which includes heater
resistors paired with each of the nozzles 17.
A flexible insulating tape 18 has formed on it a
30 number of conductors which terminate in contact pads 20.
The other ends of the conductors on tape 18 are connected,
using tape automated bonding (TAB), to electrodes on the
substrate.
When print cartridge 10 is properly installed in a
35 moveable carriage of an ink-jet printer, pads 20 contact
corresponding electrodes on the ink-jet printer which
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printed on the paper as the printhead is noved relative to the aper . The

paper is typically shifted each tine the printhe@ds R 0ss the
paper. The printhead is usually part of a di sposahl H i dge
I

containing a supply of ink, where the print cartri install ed
in and renoved fromthe printer. - 2-
In one design of a thermal ink-jet priAt3cartridge, the print cartridge

i ncludes: 1) an ink reservoir and ink
supply the energization signals to the various heater

resistors on the substrate. When printing, the carriage

scans print cartridge 10 across the width of a sheet of

paper, and the paper is incrementally moved perpendicular
5 to the direction of movement of print cartridge 10.

In a color printer, four separate print cartridges 10
are typically used and are carried by the same carriage
across the sheet of paper. Typically, one of the four
cartridges contains black ink, another contains cyan ink,

10 another contains magenta ink, and another contains yellow
ink.

Fig. 2 illustrates the pertinent portion of a color
ink-jet printer with four print cartridges 24, 25, 26, and
27 secured within a single carriage 30. Carriage 30 is

15 moved along stationary rod 31 back and forth across the
paper sheet 32 in the direction shown by the arrow 34. A
roller 35 shifts the position of paper sheet 32 as needed.
In an actual embodiment, at least two spaced rollers are
used to cause paper sheet 32 to be flat along where print

20 cartridges 24-27 are scanned for printing.

Each of the print cartridges 24-27 may have nozzles
17 (Fig. 1) arranged so as to print 300 dots per inch
(dpi) or more on paper sheet 32 along an axis
perpendicular to arrow 34. This means that a nozzle 17

25 must be placed approximately every 3 mils along nozzle
plate 16 in order to achieve 300 dpi.

In color printing, the various colored dots produced
by each of the four print cartridges 24-27 in Fig. 2 are
selectively overlapped to create crisp images composed of

30 virtually any color of the visible spectrum. To create a
single dot on paper sheet 32 having a color which requires
a blend of two or more of the colofs provided by print
cartridges 24-27, the nozzle plates 16 on each of the
cartridges 24-27 must be precisely aligned so that a dot

35 ejected from a selected nozzle 17 in one cartridge
overlaps a dot ejected from a corresponding nozzle 17 in
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channel s to supply ink proximate to each of the nozzles; 2) a nozzle plate
in-which the nozzles are forned in a certain patherSheet Basded)Replaccdibst r at e
attached to a bottom surface of the nozzle plate, r s of thin
filmheaters are fornmed on the substrate, general ach nozzl e.
Each heater includes a thin filmresistor and appropriate current |eads. To
print a single dot of ink, an electrical4dcurrent froman external power
supply is passed through a selected heater. The heater is ohmcally heated,
in turn supdrHRY MARLTIAgR | ayRiinfreqelnes aeaah PAkthghngzedsults in
expl osive Rddald Wh Yridie ddik£ausd sz &85 opbebe 0411 8KkedOwhene]j ect ed
t hrough an "associ ated nozzl e qonto the paper. One_exanple of this type
of print c&aFRe ¥ YHhvinathes g}‘.’ltlhg'é driey taps Pl BLEEHONP, phter
cartridge Kbigppeirmdtalled!iffesarr oy 48, which acts as an ink reservoir.
Body 12 y have_ forned on it onetﬁg nor e ro%gctl ns, saﬁh as_praqjection
13, to erabl e pritht* &R Yyl (P HPELREE Fﬁlgg%c}@ efii A2aRti nk
printer. TiFE.qrintwess padd i deritiodl pto nbneaahsotilge 46 thatydehen
multiple print cartridges 10 were installed in carriage

30, the print cartridge bodies 12 were all aligned with
one another in carriage 30 irrespective of any

10 misalignment of the nozzle plates 16 secured to the print
cartridge bodies 12.

To align nozzle plate 16 on print cartridge 10 so
that nozzle plates are positioned in ideally the same
location on all the various print cartridges, nozzle plate

15 16 is typically glued in position on print cartridge 10
relative to a molded-in plastic datum formed on the print
cartridge body 12 itself. This alignment process has a
significant drawback in that the glue curing process
causes nozzle plate 16 to slightly shift as the glue is

20 being cured. In addition, molded-in stresses in plastic
cartridge body 12 creep during the thermal curing process.
Since this movement is substantially unpredictable, this
alignment and gluing process can only produce print
cartridges whose nozzle plates are positioned to an

25 aécuracy of *35 microns.

Other, more expensive techniques have been used to
achieve higher alignment precision. One of these
techniques automatically detects any misalignment of the
nozzle plates once the print cartridges have been

30 installed in a carriage and then mechanically adjusts the
positions of the print cartridges in the carriage. Using
another relatively expensive method, an ink drop detector
within the ink printer measures the location of a drop of
ejected ink after being ejected from a nozzle, and a

35 software algorithm compensates for any misalignment of the
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phot ol i t hographi ¢ techni ques. Nozzle plate 16 is att hesive to
an underlying substrate (not shown) which includes s paired

wi th each of the nozzles 17. A flexible insulating tape 18 has forned

on it a nunber of conductors which terqnfhate in contact pads 20. The ot her

ends of the conductors on tape 18 are connected, using tape automated

bondi ng ( TAB)ZZ ke plates oddirn ahehranttesiniques Wbgnpfieantdytri dge 10

i's properlyddisdald athd esstyeadl e ﬁ‘ﬁ{rﬁ?ﬂ&é&f an ink-jet printer, pads 20

cont act

metal nozzle plate 16 (such as a gol d-coated nickel , Which has two
parallel arrays of nozzles 17 forned in it usi ng co ﬁ e"ReP'aced

Thus, what is needed is an inexpensive and reliable
method and structure for improving the alignment of nozzle
5 plates (or other forms of nozzle members) on print
cartridges installed in a carriage.

SUMMARY OF THE INVENTION

Precise alignment between two or more nozzle plates

affixed to print cartridges installed in a single carriage

10 is achieved by machining datum projections on each print
cartridge after its nozzle plate has been permanently
secured to the print cartridge. The machined datum
projections on the print cartridge contact surfaces on the
carriage when the print cartridge is installed in the

15 carriage such that the dimensions of the datums affect the
position of the cartridge, and hence the nozzle plate,
within the carriage. The datums on the print cartridge
body are machined with reference to targets on the nozzle
plate itself so that only rough alignment (e.g., % 3 mils)

20 of the nozzle plate on the pre~machined print cartridge is
required.

In the pfeferred method for machining the datums
after the nozzle plate has been securely affixed to the
print cartridge and after any adhesive has been fully

25 cured, an optical sensor is used to detect a target mark

"~ (such as a hole) on the nozzle plate. A mechanical means

is then used to precisely position the print cartridge so
that the target mark on the nozzle plate is aligned with a
reference target (also called a basic dimension) stored in

30 a memory. A machining tool is then used to remove
portions of the datum projections on the print cartridge
to cause the print cartridge, when installed in a
carriage, to support the nozzle plate in precisely the
same position with respect to the carriage irrespective of
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-3- supply the energization signals to the various heater
When printing, the carriage scans pr|3n§@aﬁh58@ Replddedacr 0oss t he
[

substrat e.

wi dth of a sheet of paper, and the paper is incr
per pendi cular to the direction of novenent of pr
color printer,

A

resistors on the

In a

four separate print cartridges 10 are typically used and are

carried by the same carriage across the gheet of paper. Typically, one of
the four cartridges contains black ink, another contains cyan ink, another

cont ai ns

txﬁsﬂklgx@mh@rﬁ hele mezméls;ayae&é oghi Bfe pre-miktBined

|IIustrates t pertlnept portion of a color ink-jet printer with four
€6, and 27 secured within a single carriage 30.

print cart

Carriage 30 is mm-ednaadlmrglm; adf drtee ydatodns Imdop clke amaldé otohanacr oss t he

10

15

20

25

30

accuracy of a few microns, so that the overall alignment
of the nozzle plates on multiple print cartridges when
installed in the carriage has now been improved in
practice to an accuracy of less than 25 microns. This
improves the crispness of the color printing as well as
enables higher resolution color printing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a prior art ink
cartridge. '

Fig. 2 illustrates a color printer having a movable
carriage in which are installed a number of print
cartridges for printing different colors of ink.

Fig. 3a is a front perspective view of a movable
carriage without any print cartridges installed.

Fig. 3b is a front perspective view of a movable
carriage with four print cartridges installed, in
accordance with the invention, revealing snout portions of
the print cartridges which protrude through the front of
the carriage.

Fig. 4a is a back perspective view of the carriage of
Fig. 3 with the print cartridges removed.

Fig. 4b is a back perspective view of the carriage of
Fig. 4a with the print cartridges installed.

Fig. 5a illustrates a print cartridge in accordance
with the invention prior to the datum projections being

-machined.

Fig. 5b illustrates the print cartridge of Fig. 5a
after the datum projections have been machined.

Fig. 5c is a different perspective of the print
cartridge of Fig. 5b showing the arrangement of contact
pads.
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paper sheet 32 in the direction showmn by the arrow 34. Aroller 35 shifts
t he, posi-ti on of paper sheet 32 as needed. In anTmmmﬁaHmsnbdﬁmhsﬂt at | east

two spaced rollers are used to cause paper sheet along wher e
he print

print cartridges 24-27 are scanned for printing. E

cartridges 24-27 may have nozzles 17 (Fig. 1) arranged so as to print 300
dots per inch (dpi) or nore on paper sheet~32 along an axis perpendi cul ar
to arrow 34. This nmeans that a nozzle 17 nust be placed approxi mately every
3 nmils along noZie. ppdit &s 18 ¢nossdeectionchleng 300edprA in Fign &d or
printing, t o. 0 dysegd,. by e iRt

Car i dges 2 dSyREmg CHOFERer hpe R UE TN PRt st roRA,

i mges compadsl o1 thetpriny eaytrbdge of Fhg.vPSible spectrum To create a
single dot on papgd, Sé‘efilégti‘élféggoﬁeCQﬁQBd!\HéEE aequl hs%hanqln@nd of two

or nore of the colors provid by print cartridges the nozzle plates
16 on each x@ﬁcnwmmmo@é@ceaszﬁomgﬁcwéabﬁézl@épplanngnéa%éattwat a dot

ej ected frqspayset 26hEbR0ERS CpRInt Nc@PEr£GEr bEHIRIg. 5a.
Fig. 7 is a flow chart illustrating the basic steps

- used in the preferred process for machining the datums on
the print cartridge of Fig. 5a.

10 DETAILED DESCRIPTION OF THE PREFERRED EMEODIMENT

Fig. 3a is a front perspective view of the
carriage 30 in Fig. 2 without any print cartridges
installed.

Fig. 3b is a front perspective view of the carriage

15 30 in Fig. 2 containing four separate print cartridges 24,
25, 26, and 27, each similar to the print cartridge 24
shown in Fig. Sb. The snout portions 42, 43, 44, and 45
of the four cartridges are shown protruding through
openings 46, 47, 48, and 49, respectively, in carriage 30.

20 Fig. 2 shows a portion of snout 42 of print cartridge 24
extending from carriage 30.

Nozzle plates 52, 53, 54, and 55, (which may be
conventional metal nozzle plates) are affixed to snouts
42-45, respectively. Using the preferred embodiment print

25 cartridges, the positions of each of the nozzle plates 52~
55 within openings 46-49 are affected by the selective
machining of datum projections formed on the print
cartridges.

One of the datum projects is shown in Fig. 3b as a ¥

30 datum 58. The Y datum 58 is urged against an upper wall
of openings 46-49 to define the poéition of each of nozzle
plates 52-55 in the Y direction shown by the arrow 60.

The proper machining (or grinding down) of this Y datum 58
on a print cartridge causes the nozzle plate to be
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overlaps a dot ejected froma correspondi ng nozzle 17 in
-4- another cartridge. This requires each of thﬁg@@ﬁ%'aqﬁ&%§§ ack® on print
" ' n a

cartridges 24-27 to be aligned with respect to o few
tens of mcrons after being installed in carriage Hm mm e prior
art, the print cartridge bodies 12 of Fig. 1 were to one

anot her so that, when nmultiple print cartgi-dges 10 were installed in
carri age
precisely positioned within its respective carriage

opening 46-49 in the Y direction.
Additional machined datum projections formed on one

side of each print cartridge will be described with
5 respect to Figs. 5a and 5b. The proper machining of these
additional datums cause nozzle plates 52-55 (Fig. 3b) to
be precisely aligned in the X direction (arrow 61) with
virtually zero skew.
Fig. 4a is a perspective view of the back of carriage

10 30 prior to print cartridges being inserted into carriage
30. Carriage 30 is preferably injection molded using
engineering plastic. This produces a plastic carriage
with very consistent features.

Carriage 30 has four stalls 64, 65, 66, and 67, each

15 for receiving one print cartridge, such as print cartridge
24 shown in Fig. Sb. Each of the stalls 64-67 is
identical except that stall 64, being intended for a
black~-ink cartridge, contains a particular pattern of
slots 70 which prevent a color~ink print cartridge from

20 being inadvertently inserted into stall 64. A different
pattern of slots 72 in color-ink print cartridge stalls
65, 66, and 67 are formed to prevent a black ink cartridge
from being inadvertently inserted into stalls 65-67.
Mating projections, such as projections 73 in Fig. 5b, are

25 formed on the black ink cartridge body to enable the
black-ink cartridge to be fully inserted into stall 64. A
different pattern of projections 73 are formed on the
color-ink cartridges to allow these color-ink print
cartridges to be fully inserted into stalls 65-67.

30 Each of the stalls 64~67 has an identical width W.
Shown are the rectangular openings 46-49 in carriage 30
associated with each of the stalls 64~67 through which the
snout portion (e.g., snout portion 42 of Fig. 5b) of the
print cartridge extends.

35 Also shown in Fig. 4a are machined datums 76 along a
sidewall 77 of stalls 64-67 and on the upper wall of
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30, the print cartridge bodies 12 were all aligned with one another in
‘carriage 30 irrespective of any misalignnment of thhwﬂmimm@Baha& Sced 6
secured to the print cartridge bodies 12. ate 16 on
print cartridge 10 so that nozzle plates are p05|t| y t he sane
| ocation on all the various print cartrldges nozzl e pla e S typically
glued in position on prlnt cartridge IO 9% &l ative to a nol ded- |n plastlc
dat um formed on the t cartridge bod i.tsel f. .Thi aI| nent rocess
has a si gnPPEBIRBSAARTHECK TR eSma AR 256 PHRETHIA o
plate 16 tofsbtgﬂﬂbysshﬁﬂtpmnﬂﬂdesﬂsmbstadhmah;ynmdﬂhtﬂcahdd|t|on
nol ded-in g st .dge ha er mal
curing pr ogg‘%g%%g P‘rlﬁ S ar?t)svgf?ehﬂll c&ﬁ%&?ﬂzqea% e"g“plﬁ% c‘%kt‘(:llgrl‘%&| this
al i gnnent dadtugnlsumsg ameommmrﬂyy WMmmmMrﬁaa dgm; wimde nozzle
pl ates ake Si tsls r:ac Cr. r

5€ 169 Ahl@.@%@ste% Eigu HEHAHACH a¥er33 1Py r@%ect So | gnirEnt %}r)e%llm on.

expensi ve techniques have been used to achieve
One of thepsint cartridges 24~27. Accordingly, any variances in the

molding process for forming carriage 30 will not affect
the carriage’s ability to provide an identical supporting
environment for each of print cartridges 24-27.

10 Each of the print cartridges has a projection 80
formed on it, as shown in Figs. 5a and 5b, which is
contacted by a spring-locaded arm 82 protruding from a
bottom surface of stalls 64-67 to urge the print cartridge
against the front wall of carriage 30 and to frictionally

15 secure the cartridge in place.

Each of stalls 64-67 is also equipped with a flexible
electrode structure 84 which has raised conductive bumps
85 for contacting the corresponding square contact pads 86
(Fig. 5c) on the print cartridge. The flexible structure

20 84 preferably has a resilient means, such as a rubber pad,
under it so as to urge the conductive bumps 85 against
contact pads 86 on the print cartridge and also urge the Y
datum 58 (Fig. 3) against the upper wall of an opening 46~
49.

25 In the preferred embodiment print cartridge 24 of
Fig. 5b, a substrate (not shown) is connected to the back
of nozzle plate 52. The preferred substrate has heater
resistors formed on it connected to the outputs of a
demultiplexer also formed on the substrate. The signals

30 applied to contact pads 86 are multiplexed so that a
relatively few number of contact pads 86 are required to
provide the necessary information éignals to the substrate
to selectively energize the heater resistors. Contact
pads 86 are connected to electrodes on the substrate via

35 conquctors formed on flexible tape 87. One of ordinary
skill in the art may fabricate such a substrate including

LADMS\3594\M-2378_U\0058082.02 1092629-1



techni ques automatically detects any m salignment of the nozzle plates once
the. print cartridges have been installed in a carrﬂﬁﬁmmﬁndzkhﬂ&mmxd

mechani cal |y adjusts the positions of the print car carri age.
Usi ng anot her rel atively expensive nethod, an ink d ithin the
I nk printer neasures the location of a drop of ejected | bei ng

ejected froma nozzle, and a software.alhgor thm conpensates for any

m sal i gnment of the -5- nozzl e pl ates.
Bot h of thesanipeipidnes ot gpthéeadétyder using conventional
techniques.

A spring-loaded arm 88 (Figs. 3a and 4a), which may

be metal or plastic, is provided for each stall 64-67 to
5 urge the print cartridge against datum surfaces 76 on
sidewall 77 (Fig. 4a) of the stall.

Carriage 30 is also provided with a rod receiving
hole 90 (Fig. 3b) for receiving rod 31 (Fig. 2) to enable
carriage 30 to only be movable in the X direction across a

10 sheet of paper 32.

Fig. 4b shows the carriage 30 of Fig. 4a with four
print cartridges 24, 25, 26, and 27 installed.

In a compieted carriage 30, a printed circuit board
would be affixed to a bottom surface (in the orientation

15 of Fig. 4a) of carriage 30 and connected to the flexible
electrode structure 84; however, such electronic circuitry
forms no part of this invention and has been eliminated
for simplicity. .

Each of the print cartridges is provided with datum

20 projections 100, 102, and 58, as shown in Fig. 5a. These
datum projections are formed integral with the plastic
portion 106 of the print cartridge, which is preferably
injectidn molded using engineering plastic. In the
preferred embodiment, the sidewalls 108 of the print

25 cartridge are of a stamped sheet metal. These sidewalls
fit within the injection molded portion 106 of the print
cartridge and protect a reservoir containing liquid ink.
In another embodiment, the entire print cartridge body is
injection molded.

30 An ink fill-hole 110 is shown for filling the print
cartridge with ink.

The geometry of the datums 100, 102, and 58
determines the precise X and Y position of the print
cartridge within carriage 30, as well as any skewing of

35 the cartridge, since datums 100 and 102 directly contact
datums 76 (Fig. 4a) formed on sidewall 77 of each of
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I ncredse the cost of the ink printer. Thus, what is needed is an

I nexpensive and reliable nmethod and structure for | kg, th | i gnment
of nozzle plates (or other fornms of nozzle nenbers AR SHR Hachee a?ﬁges
iﬂn ﬂi | i gnnment

installed in a carriage. SUWMMARY OF THE | NVENTI ON lmw
between two or nore nozzle plates affixed to print alled in
a single carriage is achieved by machi ni ng datum projections on each print
cartridge after its nozzle plate has bééhgbéTnanently secured to the print

cartridge. The pachined_datum projectiqgn n_t rint cartyidge nt act
surfaces on BRaldgr PRz§4 akéﬁ'tﬁé)prﬁ gégPpigge%PQtﬁﬁ%Fal%&#ﬁrf%%e
carri age suchrifgat 4ahefdirmedsocananolippesr datllnmefakheht afhéheosipdramgs t he
cartridge, and_hen z Y e ;i.age.. The datuns on
the print ca?grpggggﬁ% § ggeéhgcﬁ%ﬁég ﬁykhgfgf%?eﬁgg&?gﬁgéﬁégts on the
nozzl e pl ate(Figel 8b3e that only rough alignnent (e.g., 3 mls)
5 More specifically, the heights of datums 100 and 102
affect the positioning of nozzle plates 52-55 (Fig. 3b)
along the X direction within carriage 30, while the

relative heights of datums 100 and 102 with respect to one

another control the skew of the nozzle plates 52-55.

10 Fig. 3b shows how the end portion of the datum 58
directly affects the positioning of nozzle plates 52-55 in
the Y direction, since this end portion directly contacts
datum 76 (Fig. 4a) formed on the upper wall of the
openings 46-49.

15 Thus, by selectively machining datums 100, 102, and
58 to remove portions of these datums, the X, Y, and skew
positioning of the nozzle plates 52-55 with respect to
carriage 30 may be adjusted to precisely align nozzle
plates 52-55 with respect to one another.

20 Fig. 5b shows an example of print cartridge 24 of
Fig. 5a after datums 100, 102 and 58 have been machined to
reduce their dimensions so as to cause nozzle plate 52 on

. print cartridge 24, after being installed in carriage 30,
to be precisely positioned relative to carriage 30.

25 Fig. 5c shows a different perspective of print
cartridge 24 of Fig. Sb, revealing the contact pads 86 of
print cartridge 24 formed on flexible tape 87. Each of
the uniformly spaced contact pads 86 is preferably a
square separated from an adjacent square by a minimum

30 distance to provide each contact pad 86 with a maximum
area. This allows for a relatively large misalignment
between the positioning of contact pads 86 and the
conductive bumps 85 on the flexible electrode structure 84
in carriage 30, while still maintaining the proper

35 electrical contact between the conductive bumps 85 and
contact pads 86. Prior art contact pads are typically

LADMS\3594\M-2378_UN0058082.02 1092629-1



of the nozzle plate on the pre-machined print cartriglg S required.

i
In"the preferred nmethod for machining the datuns aft sHalanBeen Repiplat € has
been securely affixed to the print cartridge and aft?”

| has
been fully cured, an optical sensor is used to detec Jﬁ#! (such
as a hole) on the nozzle plate. A nechanical neans is then use

precisely position the print cartridge go that the target nmark on the
nozzle plate is aligned with a reference target (also called a basic

di mensi on) ciivaehs N whitha)lows NEehimadly 196 nisabtanmenad to renove

Cartri dge. SO AR ARE T e ageontECE BE80  the nozzie plate in
preci sely the sdife qgmuige oniwidh actpektprodude thereageuldr bepmanyve of
more contact pads 86 and nozzles formed in nozzle plate 52
5 than shown in the drawings. The specific number of
contact pads 86 and nozzles will depend on the specific
requirements of the printhead portion of the print
cartridge and the multiplexing circuitry formed on the
substrate.

10 Additionally, as shown in the cross-section of Figq.
54 taken along line A-A in Fig. 5c, the middle portion of
the plastic print cartridge body 106 is prone to sinking
during the injection molding process. This causes a
valley 112 approximately 7 mils deep in the center of the

15 cartridge body. Contact pads 86 are arranged on flexible
tape 87 only along the side portions of the body 106,
where body 106 is generally flat, to avoid pads 86 being
located in valley 112. This improves the reliability of
the interconnection between pads 86 and conductive bumps

20 85 on the flexible electrode structure 84 in carriage 30.
Flexible tape 87 may be glued to the print cartridge body
106 using any suitable adhesive or heat-staked to body 106
at selected points on tape 87.

A preferred embodiment method for selectively

25 machining datums 100, 102 and 58, after assembly of the
print cartridge has been fully completed, will now be
described with respect to Figs. 6 and 7. This method is
suitable for high-volume manufacturing.

Fig. 6 illustrates the basic mechanisms which are

30 used to manipulate the position of print cartridge 24 so
as to align target markings on nozzle plate 52 with sample
targets contained in a memory. Once the target markings
are aligned, print cartridge 24 is moved past a rotating
router bit 116 which machines datums 100, 102 and 58 to

35 have the required dimensions. When multiple print
cartridges are then installed in carriage 30, the
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-6- any m salignnment of the nozzle plate on the pre-machined print

cartri'dge. The machi ning of the datuns nmay beIMBd&wﬂQma&m@@ he@cy of a
few m crons, so that the overall alignment of the no mul tiple
print cartridges when installed in the carriage has ved in

practice to an accuracy of |ess than 25 m crons. This
crispness of the color printing as wetl 13s—-enabl es hlgher resolutlon col or

printing. BRI EF DESCRI PTI ON OF THE DRAW NGS ? 1 is a perspective
vi ew of algqsytkgqs,¢m>the various nozzle plates will be precisely

aligned with respect to the carriage and with respect to
each other.

A first positioning table 120 is shown which may be

5 rotated through an angle or shifted in the X direction
with respect to a support table 124.

The rotation of positioning table 120 and its
shifting in the X direction (shown by arrow 125) are
accomplished by the use of servo 126 and servo 128.

10 A second positioning table 129 may only be shifted in
the X direction by the use of servo 130. Servos 126, 128,
and 130 are individually controlled by a computer 132 to
move positioning tables 120 and 129 relative to support
table 124.

15 Base table 132 provides an air bearing and a guide
means for support table 124 to allow support table 124 to
move in only a Y direction (shown by arrow 134) with
respect to base table 132.

In the first step of the process to precisely machine

20 datums 100, 102 and 58, a print cartridge 24 is removed
from a conveyor belt (not shown) by, for example, a
robotic arm (not shown) and placed in a receptacle 135
secured to positioning table 120. Receptacle 135 is
designed to securely retain print cartridge 24 such that

25 sfresses are applied against the print cartridge 24 body
that are similar to those that would be experienced by
print cartridge 24 when installed in carriage 30
(Fig. 4b). This step is illustrated as step 1 in the flow
chart of Fig. 7.

30 Next, camera 152 detects an image of a first end of
nozzle plate 52, and camera 154 detects an image of an
opposite end of nozzle plate 52. An optical system 160 is
used to direct the optical axes of cameras 152 and 154 to
the proper portions of nozzle plate 52.

35 Nozzle plate 52 has formed in it a first target hole
Tl in one corner of nozzle plate 52 and a second target
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cartridge, Fig. 2 illustrates a color printer having a novable
carriage in which are installed a nunber of print cartridges for printing

different colors of ink. Fig. 3a is a- front per8igéeeiHaaB l25¢d
novabl e carriage without any print cartridges installe¢ L‘ L bis a
front perspective view of a novable carriage with four ges

installed, in accordance with the invention, revealing snout portions of
the print cartridges which protrude thrdudﬁ the front of the carriage.

Fig. 4a is a pack rspective view of the carriage qof Fi 3 with the print
cartri dges ré9%§%d£§ ggrm??g}n45nigpa°5égﬁ BQFQSECP?VQ°§%&ﬁ é&ﬁﬁﬁa Triage
of Fig. 4a wTheséetargat baieési UyjeandnTRablredapproxikagelyall Wilstirates a
print cartrid | C a ] he_invent.i.o ri o]

proj ections Hgfﬁﬁgﬁgﬁh?ﬁgdsfg fﬁ%ﬂsglﬁggﬂﬁlﬁhgtgg 838%ﬁ% Sb?%tq%%r-f¥%ge of
Fi g. 5a aftertehtormtthepnofztesoh§lhinenbeeienpibtred2 so that target

5 holes Tl and T2 are inherently aligned with nozzles 161.

The images detected by cameras 152 and 154 are shown
on CRTs 162 and 164, respectively. The image on CRT 162
shows the right end of nozzle plate 52 containing target
hole T2 in the bottom corner of nozzle plate 52. CRT 164

10 shows the image of the left end of nozzle plate 52
containing target hole Tl in the upper corner of nozzle
plate 52.

The position of target T2, as detected by camera 152,
is compared to a stored reference target position of an

15 ideal print cartridge relative to router bit 116 to
determine whether target hole T2 is aligned with the
reference target position. Techniques for performing such
an alignment comparison are conventional and generally
compare bits within a first bit-mapped memory, storing the

20 target T2 image, to bits within a second bit-mapped
memory, storing the reference target position. The
difference in the bit positions corresponding to the
target T2 and the reference target position is then

"determined.

25 If the target T2 is not aligned with the reference
target position in the X direction, computer 132 provides
signals to servo 126 to push or pull positioning table 120
the required amount so that the target T2 is matched to
the reference target position.

30 At the same time, the position of target T1, as
detected by camera 154, is compared to a reference target
position of an ideal print cartridge relative to router
bit 116 to determine whether target T1 on nozzle plate 52
is out of alignment with the reference target position.

35 If target Tl is out of alignment, computer 132 signals
servo 128 to rotate positioning table 120 the required
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Fig. 5c is a different perspective of the print cartridge of Fig. 5b

showi ng. t he arrangenent of contact pads. Tms$11PhsBenRel

-7- Fig. 5d is a cross-section along line A-A ustratlng
further detail of the arrangenment of contact pads on E trldge of
Fig. 5c. Fig. 6 illustrates one enbodi nent of a hani sm

and process for accurately machini ng thgsdat um

amount so that target Tl is aligned with the reference
target position.
At this point, both targets Ti and T2 should be
precisely aligned in the X direction with respect to
5 support table 124 and with respect to a fixed router
assembly 172. This step is shown as step 2 in Fig. 7.
Router assembly 172 preferably incorporates an air
bearing so that the rotating router bit 116 produces
virtually no vibration.
10 The movable support table 124 is then moved in a ¥
direction (as shown by arrow 134) to cause print cartridge
24 to pass rotating router bit 116 in order to machine the
datums 100 and 102 to the required height so that when
print cartridge 24 is installed in carriage 30, nozzle
15 plate 52 will be aligned in the X direction and have
virtually zero skew. This step is shown as step 3 in
Fig. 7.
In order to now machine datum 58 to align nozzle
plate 52 in the Y direction within carriage 30, support
20 table 124 is shifted into its initial position, and a
robotic arm (not shown) turns print cartridge 24 ninety
degrees and places print cartridge 24 into receptacle 174
secured to positioning table 129. This step is shown as
step 4 in Fig. 7. Receptacles 135 and 174 may incorporate
25 an air cylinder to apply a proper amount of pressure
against a side of print cartridge 24 to emulate the
pressure print cartridge 24 would experience in stalls
64-67 (Fig. 4a) in carriage 30. Preferably, receptacle
174 contacts datums 100 and 102 on print cartridge 24,
30 since datums 100 and 102 would be contacting a wall of
carriage 30. .

A camera 180 then focuses on nozzle plate 52 so
that target T2 is imaged on CRT 182. (Imaging of target
Tl, along with any necessary adjustments in software,

35 would be equivalent to imaging target T2.)
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projections on the print cartridge of Fig. 5a. Fig. 7is a flow chart
il1uystrating the basic steps used in the preferred prg QRS fi@BedmRepiacad ng

the datuns on the print cartridge of Fig. 5a. DETAI L OF THE
PREFERRED ENMBODI MENT Fig. 3ais a front perspecti
carriage 30 in Fig. 2 wthout any print cartridges ins , Fig. 3b

Is a front perspective view of the carriage 30 in Fig. 2 containing four
'separate print cartridges 24, 25, 26, and 27, each simlar to the print

cartridge 24 showgdnputed: 132 thith wedds POIdnaNs ¥, seidvo 4¥30atd dausé the
Fespoct vel ybomi warita e 6% Y b off Boh R G £ o8 570 i
cartridge 24 gdreetdiong o cawse rHfaget3@2 to mddozlzlz prfersndl, ta88ged4, and
55, (which may he ;CoMRU Al Tehfr ' B¢ $h AL L) p Al e Ad2EEHag@ Snouts
5 relative to router bit 116. This step is shown as step 5
in Fig. 7.
Once target T2 is aligned with the reference target
position in memory, support table 124 is shifted in the Y
direction so as to cause print cartridge 24 to pass the
10 router bit 116 to machine the end portion of datum 58.
This step is shown as step 6 in Fig. 7.
The resulting print cartridge 24 is then removed from
positioning table 129 using the robotic arm and placed
back on the conveyor belt. The robotic arm then takes
15 another print cartridge and performs the identical
operations.
As the finished print cartridges leave the machining
process, they are tested to determine whether the datums
100, 102, and 58 have been correctly machined with respect
20 to the nozzle plate. This testing is performed by
effectively placing a finished print cartridge in a
simulated carriage 30 stall and comparing the positions of
targets Tl and T2 on the nozzle plate to the positions of
corresponding reference targets on an ideal print
25 cartridge. Such a comparison is performed using two
cameras to detect targets T1 and T2. This step is shown
in step 7 of Fig. 7.
Any recurring differences between the position of the
nozzle plate on the actual print cartridge and on the
30 ideal cartridge are fed back to computer 132 in Fig. 6.
This information is then used by computer 132 to
automatically change the reference target positions in
memory to compensate for these recurring differences.
This feedback correction provided to the machining
35 apparatus of Fig. 6 compensates for any mechanical wear
and tear or other changes which naturally arise with

L:ADMS\3594\M-2378_U\0053082.02 1092629-1



42- 45, respectively. Using the preferred enbodi ment print cartridges, the
positiens of each of the nozzle plates 52- 55 within openings 46-49 are
affected by the sel ective machining of datum projections fornmed on the
print cartridges. One of the datumprojects is shown in Fig. 3b as a Y
datum 58. The Y datum 58 is urged agai nst an upper wall of openings 46-49
to define the position of each of nozzlig pl ates 52-55 in the Y direction
shown by the arrow 60. The proper nachining (or grinding dow) of this Y
dat um 58 cextepdédtusertrToge shepeist ARbownzihesplept 8 of Fdg. 7.

Accordingly, virtually the same machining precision is
maintained over the life of the apparatus shown in Fig. s.
Numerous other machining apparatuses and methods may
5 be used to machine the datums 100, 102, and 58 to provide
the proper alignment of the nozzle plates on multiple
print cartridges when installed in carriage 30.
Accordingly, a novel print cartridge structure, a
method for aligning nozzle plates of multiple print
10 cartridges within a carriage, and a method for machining
datums on a print cartridge have been described in detail.
While particular embodiments of the present invention
have been shown and described, it will be obvious to those
skilled in the art that changes and modifications may be
15 made without departing from this invention in its broader
' aspects and, therefore, the appended claims are to
encompass within their scope all such changes and
modifications as fall within the true spirit and scope of
this invention. For example, any type of nozzle plate may
20 be used with this invention, including polymer nozzle
members formed in a flexible TAB circuit.

heet Has Been Replaced
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-8 - precisely positioned mnthln Its respective carrla pe I n cén
the'Y directi nachﬂﬁed datun1pr01ect| ne
si de of each H“lm lHH‘m lmQH be described with respe and
5b. The prop er*nac rning 6 ese addi tional datuns cause

52-55 (Flg 3b) to be preC|ser align the X direction (arrom161) W th
virtually zero skew. Fig. 4ais gg@@i@%ective vi ew of the back of
carriage 30 prior to plr.i nt Aardppageisheoy uswsein eal printeny rsapé 30.
Carriage 30 b ﬁ?frgl Jon nol ded using engineering plastic. This
produces a aI gtIC carri 1 very consi stent features. Carriage 30

has four stalls 64, 65, GGaznniﬂﬁ’c&anIGQE (tkeibavignone primt cartridge,
such as grint cartridgeg, g#%fﬁgth) 5b Each of the stalls 64-67 is
i dentical except that st elng |ntended for a .
' a nozzle member (52) having a pattern of
orifices (161) formed therein, said nozzle
member (52) being secured to said print
cartridge body (106); and
10 one or more datums (58, 100, 102) formed
on said print cartridge body (106), a dimension
of any of said one or more datums having been
altered after said nozzle member (52) has been
secured to said print cartridge body (106), '
15 said dimension of any of said one or more
datums being altered based upon a position of
said nozzle member (52) on said print cartridge
(24).

2. The apparatus of Claim 1 wherein said one
20 or more datums (58, 100, 102) project out from said print
cartridge body (106), said one or more datums having a
height dimension, wherein said height dimension of any of
said one or more datums are altered based upon a position
of said nozzle member (52) on said print .cartridge (24).

25 3. The apparatus of Claims 1 or 2 wherein
said one or more datums (58, 100, 102) comprise a first
datum (58) for affecting a position of said print
cartridge (24) along a first axis when installed in an
ink printer and a second datum (100) affecting said

30 position of said print cartridge (24) in said ink printer
along a second axis.

4. The apparatus of Claim 3 further
comprising a third datum (102) for correcting a skew of
said print cartridge (24) when installed in said ink

35 printer, wherein altering of any of said first, second,
and third datums on said print cartridge (24) affects a



- black-ink c ' a particular pattern of slots 70 which
prevent a C;[J‘mmu&l“mmwmrt ri dgé fPom being inadvertently inserted into
|

-stall 64. A different"pattern of slots 72 in color-ink print cartridge
stalls 65, 66, and 67 are forned to prevent a black ink cartridge from

bei ng i _nadverte_rgggi_ﬁ{&eré@dsam h&5 21 & Snbmnér . (48] 1 WELR’ PLBPEERNEC BWGly as
projections 73 in Fig., 5b, are forned on,the bl ack ink carttldge bod{ to
enabl e the bl acidMMIPTERESY difeer SHEA (RF19E | FREEF2AIRN( B4 5t 45| 1pgtailed
different patterinofajdojimetpenstas. are formed on the color-ink cartridges
to allow these color-ink print cartridges to be fully inserted into stalls
65- 67. Each of the stalls 64-67 has an identical width W Shown are

the rectangul ar openi ngs 4%: 49 The cappargeuslonscdaint gdwheirbinach of the
stalls 64-67 it hrpugh which the snou orti (e , t_portion 42 of
o oby of the SHRETeT oHcRA S dafithe ' 0Be by, FOZH pRLRY 22588, B0
machi ned dat uns ttatalwnen ansl tigvke | cartoidgesl (84 625672and2d)h, t kachpper
wal | of having a nozzle member (52), are installed in a carriage
(30) within an ink printer, each nozzle member (52) will

be aligned with respect to one another.

10 6. The apparatus of any one of the preceding
Claims wherein said dimension of any of said one or more
datums (58,. 100, 102) is altered based upon a comparison
of one or more target marks (T1l, T2) on said nozzle
member (52) with respect to a reference position.

15 7. The apparatus of any one of the preceding
Claims further comprising a carriage means (30) for
supporting two or more print cartridges (24, 25, 26, 27)
in an ink printer, each of said print cartridges having
said one or more datums (58, 100, 102) formed on its

20 body, said one or more datums contacting surfaces (76) of
said carriage (30) such that altering a dimension of any
of said one or more datums causes said print cartridges
to be positioned differently on sald carriage (30).

8. The apparatus of Claim 7 wherein said one
25 or more datums (58, 100, 102) comprise three datums, each
of said datums having a dimension which affects a
position of said print cartridges (24, 25, 26,27) with
respect to said carriage (30) when said print cartridges

are installed in said carriage (30).

heet Has Been Replaced
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-9- openings 46-49. These datuns 76 are chined so that each of stalls
64-67 prow desLﬂHm/u I &wm‘lllentlcal su%%or’ti ng surfaces to print
cartridges 24 e 76 are contacted by the three datuns 58,
100, and 102 (dlscussed in'detail later with respect to Fig. 5b) on print
cartridges 24-27. Accordlngly, any variances in the nolding process for

S : ilit r.Qyi de an
I dent  2al “suppor i gt envi S oRsERPE; Eokcg1R8hihaTRRR=18, meibskd 25%; R
multiple print cartridges when said print cartridges are
installed in an ink printer, said method comprising the
steps of:
5 providing a print cartridge (24) having a nozzle
' member (52) secured to a print cartridge body (106),
said nozzle member (52) having a pattern of orifices
(161) formed therein,
said print cartridge body (106) having one or
10 more datums (58, 100, 102) formed thereon; and
altering a dimension of any of said one or more
datums (58, 100, 102) based upon a position of said
nozzle member (52) on said print cartridge body
(106).

15 10. The method of Claim 9 wherein said one or more
datums (58, 100, 102) project from said print cartridge
body (106) and have a dimension which is reduced by a
machining tool (172/116) based upon said position of said
nozzle member on said print cartridge body (106).

20 11. The method of Claim 9 wherein said one or more
datums (58, 100, 102) comprise at least two datums whose
dimensions are altered based upon said position of said
nozzle member (52) on said print cartridge (24).

12. The method of Claim 11 wherein said one or more
25 datums (58, 100, 102) comprise three datums whose
dimensions are altered based upon said position of said
nozzle member (52) on said print cartridge (24).

13. The method of Claim 9 further comprising the
steps of:
30 comparing one or more target marks (T1, T2) on
saild nozzle member (52) to reference positions using
an optical alignment means (132, 152, 154, 180); and
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Eachr, of theﬂiﬁ int cartridges has a projection 80 formed on it, as shown in

Figs. 5a an Hﬂl UNH llﬂnt acted byZ2a spring-loaded arm 82 protruding
froma bott II's 64-67 to urge the print cartridge against

~the front wall of carrlage "30 and to frictionally secure the cartridge in
pl ace. Each of stalls 64-67 is also equi pped with a flexible electrode

structure 84 which has_r.ai. ti t
correspondi ng square con?u?%qa%g'?’%% l%{)ﬂ:}f ogfﬁ %%{d pgp%lﬁecgggti.ggge The
flexible structurd233 HM¢ﬂér§bu¢ marqghwmanMSHﬁThmdh%l encdabd mozabser

ad, under it so r t n cogt act ads 86
p ﬂéauggxu (%%3 & o %‘é %%%Hg% 53: b P {\Shs COR p

on the print cartrl | so urge t 3) agai nst the
upper wal | of an @g@gnsdopsofsgny of ﬁ&inQPQNQﬁeﬁQ¥ﬁié§&Mﬂ$ng%@:plpﬁt

cartridge 84 of Flmz)rSIaemgsuh%&@Hed@wmﬁh@w pdrf £ PHELE ent Ot g1 Qack
of nozzle plate 52 ferred substrate has, heatger, resistors forned on

it connected to tﬁglﬁﬁtﬁﬁF rdfgg dedll aiffeex S ld RF Ik RAFHRidge (24)
substrate. The sigaal been manipulated so that said target marks (T1,

T2) on said nozzle member (52) match said reference

positions.

10 14. The method of Claim 9 further comprising the
step of causing a machine tool (172/116) to grind down a
dimension of any one of said one or more datums (58, 100,
102) so that said print cartridge (24), when installed in
an ink printer, will be positioned such that said nozzle

15 member (52) is aligned with other nozzle members of print
cartridges installed in said ink printer.

heet Has Been Replaced
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applied to contact pads 86 are nultiplexed so that a relatively few nunber
of- contact pads 86 are required to provide the necessary information
signals to the substrate to selectively energi ze the heater resistors.
Contact pads 86 are connected to el ectrodes on the substrate via conductors

formed on flexible tape 87. One of ordinary skill in the art may fabricate
such a substrate including - 10 - a
mul ti pl exer or other decoder using conventi onal

177 )

FIG. 2

13

FIG. 1
(PRIOR ART)




t echni ques. A spring-loaded arm 88 (Figs. 3a and 4a), which may be
-metal” or plastic, is provided for each stall 64-67 to urge the print.
cartridge against datum surfaces 76 on sidewall 77 (Fig. 4a) of the stall.
Carriage 30 is also provided with a rod receiving hole 90 (Fig. 3b) for
receiving rod 31 (Fig. 2) to enable carriage 30 to only be novable in the X
direction across a sheet of paper 32. Fig. 4b shows the carriage 30 of
Fig. 4a with four print cartridges 24, 28726, and 27 install ed. In a
conpleted carriage 30, a printed circuit board would be affixed to a bottom
surface (in the orientation of F|g 4a) of carriage 30 and connected to the
flexible el ectrode StrUuCite—sq; ~Row e nic circuitry forns
no part of this inventif ' ' / ‘ sinplicity. Each
of the print cartrid ions 100, 102, and
58, as shown in Fig.{pa. These datum projections ar ormed integral with

the plastic
3 49 j 48 3 47 j 46 '
88y [ 88 (88, /68 30

—_ o~

I

FIG. 3a

49 \\
58 A 3 58\ |42




partion 106 of the print cartridge, which is preferably injection nol ded
usi ng engi neering plastic. In the preferred enbodi nent, the sidewalls 108
of-the print cartridge are of a stanped sheet netal. These sidewalls fit
within the injection nolded portion 106 of the print cartridge and protect
a reservoir containing liquid ink. In another enbodinent, the entire print
cartridge body is injection nolded. An ink fill-hole 110 is shown for
filling the print cartridge with ink. 3r7 The geonetry of the datuns 100,
102, and 58 determines the precise X and Y position of the print cartridge
within carriage 30, as well as anyyskewhgpof ¥Re cartridge, since datuns
100 and 102 directly contact  daguny 7E§5(fF||g. 68a) forBEd on sidewall 77 of
each of 70 / v

—77
30
N
85
90 ==




- 11 -, stalls 64-67 (Fig. 4a), and datum 58 contacts datum 76 (Fig. 4a)
formed on an upper wall of each of the openings 46-49 fornmed in the front
surface of carriage 30 (Fig. 3b). More specifically, the heights of
datunms 100 and 102 affect ‘the positioning of nozzle plates 52-55 (Fig. 3b)
along the X direction within carriage 30, while the relative heights of
datuns 100 and 102 with respect to one another control the skew of the
nozzl e pl ates 52-55. Fig. 3b shods7 how the end portion of the datum 58
directly affects the positioning of nozzle plates 52-55 in the Y direction,
since this end portion directly contacts datum 76 (Fig. 4a) forned on the
upper wall of the

o I
8~ ™ 8

80

FIG. ba




openi ngs 46-49. Thus, by selectively machining datunms 100, 102, and 58
to renove portions of these datuns, the X, Y, and skew positioning of the
nozzle plates 52-55 with respect to carriage 30 may be adjusted to
precisely align nozzle plates 52-55 with respect to one anot her. Fi g.
5b shows an exanple of print cartridge 24 of Fig. 5a after datunms 100, 102
and 58 have been machined to reduce their dinensions so as to cause nozzle
plate 52 on print cartridge 24, after bei®f installed in carriage 30, to be
precisely positioned relative to carriage 30. Fig. 5c shows a

di fferent perspective of print «cartrigge 24 of Fig. 5b, revealing the
contact pads 86 of print cartridggsg#ssgonpd on flexible tape 87. Each of
the unifornmy spaced contactﬂgaoa' . Fpreferably a square separated from
an adj acent square by a mmni i p-v-gla, each contact pad 86

with a maxi num area. This all [ g Jﬁsajignnent
bet ween the positioning of coptped bndpycti ve bunps 85 on
the flexible electrode structar } ‘/Vl '
8'7
106 s 8
80

FIG. 5¢




“in carriage 30, while still maintaining the proper electrical contact
bet ween the conductive bunps 85 and contact pads 86. Prior art contact

pads are typically - 12 - circular,
which allows for nuch | ess msalignnent tol erance than with square cont act

pads. O course, in an actual product there would be nmany nore contact
pads 86 and nozzles fornmed in nozzle pl atg7'-'>2 than shown in the draw ngs.
The specific nunber of /

182 164
: ¢ e
o) o ., ) ( |
. ) U Crw
0 /o
TN /]
7T
132
180~ <4~154 ~—~152 l l l
TO SERVOS
: : L ~~160
: - RP--- D
: - 172
] 102 H 116
58
174 < 100
\__ D

132

FIG. 6



contact pads 86 and nozzles will depend on the specific requirenents of the
printhead portion of the print cartridge and the nultiplexing circuitry
formed on the substrate. Addi tionally, as shown in the cross-section
of Fig. 5d taken along Iine A-Ain Fig. 5c, the mddle portion of the
plastic print cartridge body 106 is prone to sinking during the injection
nol di ng process. This causes a valley 112 approximately 7 mls deep in the
center of the cartridge body. Contact pad®¥786 are arranged on flexible tape
87 only along the side portions of the body 106, where body 106 is
generally flat, to avoid pads 86 being located in valley 112. This inproves
the reliability of the interconnection between pads 86 and conductive bunps
85 on the flexible electrode structure 84 in carriage 30. Flexible tape 87

H . H 1 ; . | hes!
neat st aked o body 106 & Cg&%@ﬁ@ﬁpfﬁ?ﬁ@e%@“@ ppbtgHidgs™a 0 ferred”
enbodi ment nethod for s&ldc@d ﬁY!Q&Q@thﬁg"@&um,l@Uﬁ 882 and 58, after
assenbly of the on positioning table 120.,

Optically align targets T1 and
@ T2on nozzle plate with
reference target positions.

Machine datums 100 and 102

() to maintain alignment of nozzle
plate in the X direction in a
carriage.

@ Turn print cartridge 24 90°
and place on positioning table 129.

@ Optically align target T1 or T2
with a reference target position.

Machine datum 58 to maintain
® alignment of nozzle plate in
the Y direction in a carriage.

After datums machined, compare

alignment of targets T1 and T2
@ to reference targets on an

ideal print cartridge and measure

any misalignment.

Adjust optical alignment software
used in steps 2 and 5 to compensate
for misalignment.

@ Go to step 1

FIG. 7



prinbféartridge has been fully conpleted, will now be described wth
respect to Figs. 6 and 7. This netho& 22 suitable for high-vol une

manuf act uri ng. Fig. 6 illustrates the basic nechani sns which are used
to manipulate the position of print cartridge 24 so as to align target
mar ki ngs on nozzle plate 52 with sanple targets contained in a nmenory. Once

‘the target markings ar ' rpgku$¥' t '§¥$g, ' pagt a
"rotating router bit 11 ﬁq}gh nac |indg£ ﬂ(ﬁgufn% 00@1%%1 and 58 tég have t he
requi red di mensions. WhenMHUTEPBEeNPEERE MEMBER&gLY Ar ERINEER nstalled in
carriage 30, the

Jeffrey A. Thoman
David W. Swanson
5 Mindy A. Hamlin
Robert R. Beeson

ABSTRACT OF THE DISCLOSURE

Precise alignment between two or more nozzle plates
(52) affixed to print cartridges (24, 25, 26, 27)

10 installed in a single carriage (30) of an ink printer is
achieved by machining datum projections (58, 100, 102) on
each print cartridge (24-27) after its nozzle plate (52)
has been permanently secured to the print cartridge (24-
27) . The machined datum projections (58, 100, 102) on the

15 print cartridge (24-27) contact surfaces (76) on the
carriage (30) when the print cartridge (24-27) is
installed in the carriage (30) such that the dimensions of
the datums (58, 100, 102) affect the position of the
cartridge, and hence the nozzle plate (52), within the

20 carriage (30).

U?g.SA)
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Glea7q-2. S
- 13 - positions of the various nozzle plates will be precisely'aﬁfgned
wWth respect to the carriage and with respect to each other. A first
positionigg table 120 is shown which may be rotated through _an angle or
shifted in/the X direction with respect to a 4Rfsute sherte 2724ne 1996The
rotation of positioning t#ble 120 and its shifting in the X direction
(shown by arrow 125) are acconplished by the use of servo 126 and servo
128. A second positi&ning tabl-e 129 may only be shifted in the X
direction by the use of servo 130. Servos 126, 128, and 130 are
i ndividually controlled byuapugonputer 132 to nove positioning tables 120
and 129 relative to support table 124. Base table 132 provides an air
beari ng and a gui de neans for support table 124 to allow support table 124
to nove in only a Y di DATUMORORBADION byoRI IMPRAVED ALIGNMENPeTF to base

table 132. MULTIPLE NOZZLE MEMBERS IN A PRINTER

CROSS REFERENCE TO RELATED APPLICATIONS

This application relates to the subject matter
disclosed in the co-pending European Application Serial
No.___, filed on the same date as the present
application, entitled "Side Biased Pen Datum Scheme for
Thermal Ink-Jet Cartridge", by the applicant herein
(Attorney Docket M ). The aforementioned
application is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to ink-
jet printers, and more particularly, to the alignment of
multiple nozzle members installed in an ink-jet printer.

BACKGROUND OF THE INVENTION
Ink-jet printheads operate by ejecting a
droplet of ink through a nozzle and onto a recording
"medium, such as a sheet of paper. When a number of
nozzles are arranged in a pattern, such as one or more
linear arrays, the properly sequenced ejection of ink
from each nozzle causes characters or other images to be
printed on the paper as the printhead is moved relative
to the paper. The paper is typically shifted each time
the printhead has moved across the paper. The printhead
is usually part of a disposable print cartridge
containing a supply of ink, where the print cartridge is
easily installed in and removed from the printer.

REPLACEMENT SHEET

29 JUIN 1904
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to precisely nmachine datuns 100, 102 and
58, a print carjtrprdge24 1S re ed froma conveyor belt (not shown) by,
for exanple, a botyinC gghotl shown) and placed in a receptacle 135
secured to positi n??g‘n?gg?e 120.| Recept acl e Substitufehaegnes’ ynecIF@I y
retain print caltti that stresses are applied against the print
cartridge 24 bofly that are siml to those that woul d be experienced by
print cartridgel24—whenminstalled in card age 30 (Fig. 4b). This step is
illustrated as step 1 in the flow chart of_ Fi Next, camera 152

..
detects an i mage Bt P9 Ie3LiFhPHR rftﬁeﬂ@]plldg?ﬁf RNt Fa Br idde det ect s

an i mage of e QRPOSE tEarhEl dfe Mol idd At €1)5%n AhRtdsatvSyst £ra 18Rk S
used to direct the optical es.qg canmeras 152 and 154 to the proper
portions of cﬁ@z‘?leelﬁ)lfa? SURPLY 1nk REeXidafie e SAFHLE i hesziesy first

target hol e 2l 4 meEleoslete ofn Nazidie fdtns P2l o thfe SESOHNE t o 08t
certain pattern; and 3) a substrate attached to a bottom
surface of the nozzle plate, where a series of thin film
heaters are formed on the substrate, generally one below
each nozzle. Each heater includes a thin film resistor
and appropriate current leads. To print a single dot of
ink, an electrical current from an external power supply
is passed through a selected heater. The heater is
chmically heated, in turn superheating a thin layer of the
adjacent ink. This results in explosive vaporization of
the ink causing a droplet of ink to be ejected through an
associated nozzle onto the paper.

One example of this type of print cartridge is shown
in Fig. 1 as print cartridge 10. Print cartridge 10
generally includes a body 12 which acts as an ink
reservoir. Body 12 may have formed on it one or more
projections, such as projection 13, to enable print
cartridge 10 to be secured in place within an ink printer.
The printhead portion 14 of print cartridge 10 includes a
metal nozzle plate 16 (such as a gold-coated nickel
plate), which has two parallel arrays of nozzles 17 formed
in it using conventional photolithographic techniques.
Nozzle plate 16 is attached by an adhesive to an
underlying substrate (not shown) which includes heater
resistors paired with each of the nozzles 17.

A flexible insulating tape 18 has formed on it a
number of conductors which terminate in contact pads 20.
The other ends of the conductors on tape 18 are connected,
using tape automated bonding (TAB), to electrodes on the
substrate.

. When print cartridge 10 is properly installed in a
moveable carriage of an ink-jet printer, pads 20 contact



-14 - hole T? SEE '@nagﬁﬁﬁﬁ site corner of nozzle plate 52. These
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roximately 1 ml in dianmeter and are forned
usi ng the sa used to formthe nozzles 161 in nozzl | ate 52
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The i mages detected by ca 52 and 154 are shown on CRTs 162 and 164,
respectively. mage on CRT 162 shows _the right end of nozzle plate 52

containing target h bott om Corner of nozzle pl ate 52. CRT 164

shows the i @L’%%l(v oty Argrtgi%Qi%fn '\ laeiﬁaltaot &n¥ various heater
resistors on the substrate. When printing, the carriage
scans print cartridge 10 across the width of a sheet of
paper, and the paper is incrementally moved perpendicular
to the direction of movement of print cartridge 10.

In a color printer, four separate print cartridges 10
are typically used and are carried by the same carriage
across the sheet of paper. Typically, one of the four
cartridges contains black ink, another contains cyan ink,
another contains magenta ink, and another contains yellow
ink.

Fig. 2 illustrates the pertinent portion of a color
ink~jet printer with four print cartridges 24, 25, 26, and
27 secured within a single carriage 30. Carriage 30 is
moved along stationary rod 31 back and forth across the
paper sheet 32 in the direction shown by the arrow 34. A
roller 35 shifts the position of paper sheet 32 as needed.
In an actual embodiment, at least two spaced rollers are
used to cause paper sheet 32 to be flat along where print
cartridges 24-27 are scanned for printing.

Each of the print cartridges 24-27 may have nozzles
17 (Fig. 1) arranged so as to print 300 dots per inch
(dpi) or more on paper sheet 32 along an axis
perpendicular to arrow 34. This means that a nozzle 17
must be placed approximately every 3 mils along nozzle
plate 16 in order to achieve 300 dpi.

In color printing, the various colored dots produced
by each of the four print cartridges 24-27 in Fig. 2 are
selectively overlapped to create crisp images composed of
virtually any color of the visible spectrum. To create a
single dot on paper sheet 32 having a color which requires
a blend of two or more of the colors provided by print
cartridges 24-27, the nozzle plates 16 on each of the
cartridges 24-27 must be precisely aligned so that a dot
ejected from a selected nozzle 17 in one cartridge
overlaps a dot ejected from a corresponding nozzle 17 in
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cont ai ni ng tar§@?L§§¥%ﬁEﬁg‘§?“ Ee upper corner of nozzle plate 52. The

position of tgrget_1I2 etectted by camera 152, is conpared to a stored
ref erence tar p%é-rjcwgigggf anlideal print cartridge rel a%j7v to ter
bit 116 to detlerlnine whether tlajget hol e T2 Subsiitutgehesti 1A/t er%ég ence
target positian. Techniques for |{perform ng such an alignment conparison are
conventional a are bits within a first bit-mpped nenory,
storing the target T2 inage, to bits witi T a second bi t - mapped nenory,
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T2 is match&eing tinstaklednige qammiaged ¢ i on. At the same tinme, the
position of targéln khe rior art, the print cartridge bodies 12 of

Fig. 1 were made identical to one another so that, when

multiple print cartridges 10 were installed in carriage

30, the print cartridge bodies 12 were all aligned with

one another in carriage 30 irrespective of any

misalignment of the nozzle plates 16 secured to the print

cartridge bodies 12.

To align nozzle plate 16 on print'cartridge 10 so

that nozzle plates are positioned in ideally the same

location on all the various print cartridges, nozzle plate

16 is typically glued in position on print cartridge 10

relative to a molded-in plastic datum formed on the print

cartridge body 12 itself. This alignment process has a

significant drawback in that the glue curing process

causes nozzle plate 16 to slightly shift as the glue is

being cured. In addition, molded-in stresses in plastic

cartridge body 12 creep during the thermal curing process.

Since this movement is substantially unpredictable, this

alignment and gluing process can only produce print

cartridges whose nozzle plates are positioned to an

accuracy of *35 microns.

Other, more expensive techniques have been used to
achieve higher alignment precision. One of these
techniques automatically detects any misalignment of the
nozzle plates once the print cartridges have been
installed in a carriage and then mechanically adjusts the
positions of the print cartridges in the carriage. Using
another relatively expensive method, an ink drop detector
within the ink printer measures the location of a drop of
ejected ink after being ejected from a nozzle, and a
software algorithm compensates for any misalignment of the
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nozzle plates. Both of these techniques significantly
increase the cost of the ink printer.

Thus, what is needed is an inexpensive and reliable
method and structure for improving the alignment of nozzle
plates (or other forms of nozzle members) on print
cartridges installed in a carriage.

SUMMARY OF THE INVENTION

Precise alignment between two or more nozzle plates
affixed to print cartridges installed in a single carriage
is achieved by machining datum projections on each print
cartridge after its nozzle plate has been permanently
secured to the print cartridge. The machined datum
projections on the print cartridge contact surfaces on the
carriage when the print cartridge is installed in the
carriage such that the dimensions of the datums affect the
position of the cartridge, and hence the nozzle plate,
within the carriage. The datums on the print cartridge
body are machined with reference to targets on the nozzle
plate itself so that only rough alignment (e.g., * 3 mils)
of the nozzle plate on the pre-machined print cartridge is
required.

In the preferred method for machining the datﬁms
after the nozzle plate has been securely affixed to the
print cartridge and after any adhesive has been fully
- cured, an optical sensor is used to detect a target mark
(such as a hole) on the nozzle plate. A mechanical means
is then used to precisely position the print cartridge so
that the target mark on the nozzle plate is aligned with a
.reference target (also called a basic dimension) stored in
a memory. A machining tool is then used to remove
portions of the datum projections Bn the print cartridge
to cause the print cartridge, when installed in a
carriage, to support the nozzle plate in precisely the
same position with respect to the carriage irrespective of



At this point, |{REPhACEMINT SHEEEhd T2 shoul d be precisely aligned in the X
direction withjragspect to suppért table 124 and with respect to a fixed
router assenbly 1725qThins18%epli $§ shown as step 2 in Fig. 7, Rout er
assenbly 172 prieflerabl’y i ncorpdrates an air Bugstitifesheetat2? HENe k916 ng
router bit 116 prisduees—v+rtualt|y no vi bration. The novabl e support
table 124 is then noved in a Y dijrection (as shown by arrow 134) to cause
print cartridge=22To pass rotating rout®&r=bit 116 in order to machine the
datunms 100 and 1Q2 tq the required height so that when print cartridge 24
i s instal | eBNYNMESALLIHRERS, Shothrenpriie Prake PHEng PRfsPahinad X
direction aﬁgih@veayh&ﬁuquy zero skew. This step is shown as step 3 in
Fig. 7. I n Qrder tg.now wa%hige datum 58 to alggﬁlnozzle plate 52 in
the Y direction hPRCEAPARggBL 3N HBHPE M3l &1 7849 Yhidt ed into its
initial posattQfacgnéfaar deet nicabfis(neb thawnkhleuoveralilnta ldarindrtioe 24

ninety- degpgegyand Aeeh 18kl of hhikdas o?h: M SRR whih
installed in the carriage has now been improved in
practice to an accuracy of less than 25 microns. This
improves the crispness of the ‘color printing as well as
enables higher resolution color printing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a prior art ink
cartridge. ' .

Fig. 2 illustrates a color printer having a movable
carriage in which are installed a number of print
cartridges for printing different colors of ink.

Fig. 3a is a front perspective view of a movable
carriage without any print cartridges installed.

Fig. 3b is a front perspective view of a movable
carriage with four print cartridges installed, in
accordance with the invention, revealing snout portions of
the print cartridges which protrude through the front of
the carriage.

Fig. 4a is a back perspective view of the carriage of
Fig. 3 with the print cartridges removed.

Fig. 4b is a back perspective view of the carriage of
Fig. 4a with the print cartridges installed.

Fig. 5a illustrates a print cartridge in accordance
with the invention prior to the datum projections being
‘machined.

Fig. 5b illustrates the print cartridge of Fig. 5a
after the datum projections have been machined.

Fig. 5c is a different perspective of the print

cartridge of Fig. 5b showing the arrangement of contact
pads.
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T2.) illustrating further detail of the arrangement of contact

pads on the print cartridge of Fig. 5c.

Fig. 6 illustrates one embodiment of a machining
mechanism and process for accurately machining the datum
projections on the print cartridge of Fig. S5a.

Fig. 7 is a flow chart illustrating the basic steps
used in the preferred process for machining the datums on
the print cartridge of Fig. 5a.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 3a is a front perspective view of the
carriage 30 in Fig. 2 without any print cartridges
installed.

Fig. 3b is a front perspective view of the carriage
30 in Fig. 2 contﬁining four separate print cartridges 24,
25, 26, and 27, each similar to the print cartridge 24
shown in Fig. Sb. The snout portions 42, 43, 44, and 45
of the four cartridges are shown protruding through
openings 46, 47, 48, and 49, respectively, in carriage 30.
Fig. 2 shows a portion of snout 42 of print cartridge 24
extending from carriage 30.

Nozzle plates 52, 53, 54, and 55, (which may be
conventional metal nozzle plates) are affixed to snouts
42-45, respectively. Using the preferred embodiment print
cartridges, the positions of each of the nozzle plates 52~
55 within openings 46~49 are affected by the selective
machining of datum projections formed on the print
cartridges.

One of the datum projects is shown in Fig. 3b as a ¥
datum 58. The Y datum 58 is urged against an upper wall
of openings 46-49 to define the poéition of each of nozzle
plates 52-55 in the Y direction shown by the arrow 60.

The proper machining (or grinding down) of this Y datum 58
on a print cartridge causes the nozzle plate to be
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side of each print cartridge will be described with

respect to Figs. 5a and 5b. The proper machining of these

additional datums cause nozzle plates 52-55 (Fig. 3b) to

be precisely aligned in the X direction (arrow 61) with
virtually zero skew.

Fig. 4a is a perspective view of the back of carriage
30 prior to print cartridges being inserted into carriage
30. Carriage 30 is preferably injection molded using
engineering plastic. This produces a plastic carriage
with very consistent features.

Carriage 30 has four stalls 64, 65, 66, and 67, each
for receiving one print cartridge, such as print cartridge
24 shown in Fig. 5b. Each of the stalls 64-67 is
identical except that stall 64, being intended for a
black-ink cartridge, contains a particular pattern of
slots 70 which prevent a color~ink print cartridge from
being inadvertently inserted into stall 64. A different
pattern of slots 72 in color-ink print cartridge stalls
65, 66, and 67 are formed to prevent a black ink cartridge
from being inadvertently inserted into stalls 65-67.
Mating projections, such as projections 73 in Fig. Sb, are
formed on the black ink cartridge body to enable the
black-ink cartridge to be fully inserted into stall 64. A
different pattern of projections 73 are formed on the
color-ink cartridges to allow these color-~-ink print
cartridges to be fully inserted into stalls 65-67.

Each of the stalls 64-~67 has an identical width W.
Shown are the rectangular openings 46-49 in carriage 30
associated with each of the stalls 64-67 through which the
snout portion (e.g., snout portion 42 of Fig. 5b) of the
print cartridge extends.

Also shown in Fig. 4a are machined datums 76 along a
sidewall 77 of stalls 64-67 and on the upper wall of
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print cartridges 24-27. Accordingly, any variances in the
molding process for forming carriage 30 will not affect
the carriage’s ability to provide an identical supporting

environment for each of print cartridges 24-27.

Each of the print cartridges has a projection 80
formed on it, as shown in Figs. 5a and 5b, which is
contacted by a spring-loaded arm 82 protruding from a
bottom surface of stalls 64-67 to urge the print cartridge
against the front wall of carriage 30 and to frictionally
secure the cartridge in place.

Each of stalls 64-67 is also equipped with a flexible
electrode structure 84 which has raised conductive bumps
85 for contacting the corresponding square contact pads 86
(Fig. 5c) on the print cartridge. The flexible structure
84 preferably has a resilient means, such as a rubber pad,
under it so as to urge the conductive bumps 85 against
contact pads 86 on the print cartridge and also urge the Y
datum 58 (Fig. 3) against the upper wall of an opening 46-
49.

In the preferred embodiment print cartridge 24 of
Fig. 5b, a substrate (not shown) is connected to the back
of nozzle plate 52. The preferred substrate has heater
resistors formed on it connected to the outputs of a
demultiplexer also formed on the substrate. The signals
applied to contact pads 86 are multiplexed so that a
relatively few number of contact pads 86 are required to
provide the necessary information signals to the substrate
to selectively energize the heater resistors. Contact
pads 86 are connected to electrodes on the substrate via
conductors formed on flexible tape 87. One of ordinary
skill in the art may fabricate such a substrate including
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a multiplexer or other decoder using conventional
techniques.

A spring-loaded arm 88 (Figs. 3a and 4a), which may
be metal or plastic, is provided for each stall 64-67 to
urge the print cartridge against datum surfaces 76 on
sidewall 77 (Fig. 4a) of the stall.

Carriage 30 is also provided with a rod receiving
hole 90 (Fig. 3b) for receiving rod 31 (Fig. 2) to enable
carriage 30 to only be movable in the X direction across a
sheet of paper 32. ,

Fig. 4b shows the carriage 30 of Fig. 4a with four
print cartridges 24, 25, 26, and 27 installed.

In a compieted carriage 30, a printed circuit board
would be affixed to a bottom surface (in the orientation
of Fig. 4a) of carriage 30 and connected to the flexible
electrode structure 84; however, such electronic circuitry
forms no part of this invention and has been eliminated
for simplicity. _

Each of the print cartridges is provided with datum
projections 100, 102, and 58, as shown in Fig. 5a. These
datum projections are formed integral with the plastic
portion 106 of the print cartridge, which is preferably
injection molded using engineering plastic. In the
preferred embodiment, the sidewalls 108 of the print
cartridge are of a stamped sheet metal. These sidewalls
fit within the injection molded portion 106 of the print
cartridge and protect a reservoir containing liquid ink.
In another embodiment, the entire print cartridge body is
injection molded.

An ink fill-hole 110 is shown for filling the prlnt
cartridge with ink.

The geometry of the datums 100, 102, and 58
determines the precise X and Y position of the print
cartridge within carriage 30, as well as any skewing of
the cartridge, since datums 100 and 102 directly contact
datums 76 (Fig. 4a) formed on sidewall 77 of each of
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46-49 formed in the front surface of carriage 30
(Fig. 3b).

More specifically, the heights of datums 100 and 102
affect the positioning of nozzle plates 52-55 (Fig. 3b)
along the X direction within carriage 30, while the
relative heights of datums 100 and 102 with respect to one
another control the skew of the nozzle plates 52-55.

Fig. 3b shows how the end portion of the datum 58
directly affects the positioning of nozzle plates 52-55 in
the Y direction, since this end portion directly contacts
datum 76 (Fig. 4a) formed on the upper wall of the
openings 46-49.

Thus, by selectively machining datums 100, 102, and
58 to remove portions of these datums, the X, Y, and skew
positioning of the nozzle plates 52-55 with respect to
carriage 30 may be adjusted to precisely align nozzle
plates 52-55 with respect to one another.

Fig. 5b shows an example of print cartridge 24 of
Fig. 5a after datums 100, 102 and 58 have been machined to
reduce their dimensions so as to cause nozzle plate 52 on

. print cartridge 24, after being installed in carriage 30,
to be precisely positioned relative to carriage 30.

Fig. 5c shows a different perspective of print
cartridge 24 of Fig. Sb, revealing the contact pads 86 of
print cartridge 24 formed on flexible tape 87. Each of
the uniformly spaced contact pads 86 is preferably a

square separated from an adjacent square by a minimum
distance to provide each contact pad 86 with a maximum
area. This allows for a relatively large misalignment
between the positioning of contact pads 86 and the
conductive bumps 85 on the flexible electrode structure 84
in carriage 30, while still maintaining the proper
electrical contact between the conductive bumps 85 and
contact pads 86. Prior art contact pads are typically
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An apparatus for use in a printer, said
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than shown in the drawings. The specific number of
contact pads 86 and nozzles will depend on the specific
requirements of the printhead portion of the print
cartridge and the multiplexing circuitry formed on the
substrate.

Additionally, as shown in the cross-section of Fig.
5@ taken along line A-A in Fig. S5c, the middle portion of
the plastic print cartridge body 106 is prone to sinking
during the injection molding process. This causes a
valley 112 approximately 7 mils deep in the center of the
cartfidge body. Contact pads 86 are arranged on flexible
tape 87 only along the side portions of the body 106,
where body 106 is generally flat, to avoid pads 86 being
located in valley 112. This improves the reliability of
the interconnection between pads 86 and conductive bumps
85 on the flexible electrode structure 84 in carriage 30.
Flexible tape 87 may be glued to the print cartridge body
106 using any suitable adhesive or heat-staked to body 106
at selected points on tape 87.

A preferred embodiment method for selectively
machining datums 100, 102 and S8, after assembly of the
print cartridge has been fully completed, will now be
described with respect to Figs. 6 and 7. This method is
suitable for high-volume manufacturing.

Fig. 6 illustrates the basic mechanisms which are
used to manipulate the position of print cartridge 24 so
as to align target markings on nozzle plate 52 with sample
targets contained in a memory. Once the target markings
are aligned, print cartridge 24 is moved past a rotating
router bit 116 which machines datums 100, 102 and 58 to
have the required dimensions. When multiple print
cartridges are then installed in carriage 30, the
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(24). The apparatus of Claim1 wherein said one
or nore datuns {58, 0 pyoj ect out fromsaid print

cartridge body 1)6?&9§Qﬁé8§%e br{ mor e dat uns having a 7] ggbght

di mensi on, wher&i h said hei ght Hi frensi on of $HRstgpie sheet -2 une §¥3Re or
nore datuns arelaltered based upop a position of said nozzle
menber (52) on daid prinpt—sartrage (24P ~ 3. The
apparatus of Clainms 1 or. 2 wherein sai d, e, or Jore dat uns (58,
100, 102) RasHgris L£F g various nozgle plpkss V&& aPfe BTG S8 bsi ti on
of sai d pralilgned with respéctitigeti@ddtankiageaahdr siitixirespesnt itst al | ed
in an I nk printer and a second datum (100) affecting said
position 5?9&ﬂ?§?ﬁfht cartridge (24) in said ink printer al ong
a second axis. A first positioning table 120 is shown which may be

rotated through an angle or shifted in the X direction
with respect to a support table 124.

The rotation of positioning table 120 and its
shifting in the X direction (shown by arrow 125) are
accomplished by the use of servo 126 and servo 128.

A second positioning table 129 may only be shifted in
the X direction by the use of servec 130. Servos 126, 128,
and 130 are individually controlled by a computer 132 to
move positioning tables 120 and 129 relative to support
table 124. .

Base table 132 provides an air bearing and a guide
means for support table 124 to allow support table 124 to
move in only a Y direction (shown by arrow 134) with
respect to base table 132.

In the first step of the process to precisely machine
datums 100, 102 and 58, a print cartridge 24 is removed
from a conveyor belt (not shown) by, for example, a
robotic arm (not shown) and placed in a receptacle 135
secured to positioning table 120. Receptacle 135 is
dgsigned to securely retain print cartridge 24 such that
stresses are applied against the print cartridge 24 body
that are similar to those that would be experienced by
print cartridge 24 when installed in carriage 30
(Fig. 4b). This step is illustrated as step 1 in the flow
chart of Fig. 7.

Next, camera 152 detects an image of a first end of
nozzle plate 52, and camera 154 detects an image of an
opposite end of nozzle plate 52. An optical system 160 is
used to direct the optical axes of cameras 152 and 154 to
the proper portions of nozzle plate 52.

Nozzle plate 52 has formed in it a first target hole
Tl in one corner of nozzle plate 52 and a second target
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4. The appar at C-at-fA-3~Fur | her conprising a third datum
(102) for correcti of said print cartridge (24) when
installed in said ﬂ%&%uﬁ#ﬁ%@ printer, wherein altering of any of said
first, second,j and th{rd datuns onS4Rstifuts sheetalirJung 1095

affects a position of said nozzle nmenmber (52) with respect to
sai d ink print &~wher—sai-d—prHt- cartrigdgg (L24) is installed in said ink
printer.

hole T2 formed in an opposite corner of nozzle plate 52.
These target holes T1 and T2 are approximately 1 mil in
diameter and are formed using the same mask that is used
to form the nozzles 161 in nozzle plate 52 so that target
holes Tl and T2 are inherently aligned with nozzles 161.

The images detected by cameras 152 and 154 are shown
on CRTs 162 and 164, respectively. The image on CRT 162
shows the right end of nozzle plate 52 containing target
hole T2 in the bottom corner of nozzle plate 52. CRT 164
shows the image of the left end of nozzle plate 52
containing target hole Tl in the upper corner of nozzle
plate 52.

The position of target T2, as detected by camera 152,
is compared to a stored reference target position of an
ideal print cartridge relative to router bit 116 to
determine whether target hole T2 is aligned with the
reference target position. Techniques for performing such
an alignment comparison are conventional and generally
compare bits within a first bit-mapped memory, storing the
target T2 image, to bits within a second bit-mapped
memory, storing the reference target position. The
difference in the bit positions corresponding to the
target T2 and the reference target position is then
determined.

If the target T2 is not aligned with the reference
target position in the X direction, computer 132 provides
signals to servo 126 to push or pull positioning table 120
the required amount so that the target T2 is matched to
the reference target position.

At the same time, the position of target T1, as
detected by camera 154, is compared to a reference target
position of an ideal print cartridge relative to router
bit 116 to determine whether target Tl on nozzle plate 52
is out of alignment with the reference target position.

If target Tl is out of alignment, computer 132 signals
servo 128 to rotate positioning table 120 the required
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At this point, both targets T1 and T2 should be
precisely aligned in the X direction with respect to
support table 124 and with respect to a fixed router
assembly 172. This step is shown as step 2 in Fig. 7.

Router assembly 172 preferably incorporates an air
bearing so that the rotating router bit 116 produces-
virtually no vibration.

The movable support table 124 is then moved in a ¥
direction (as shown by arrow 134) to cause print cartridge
24 to pass rotating router bit 116 in order to machine the
datums 100 and 102 to the required height so that when
print cartridge 24 is installed in carriage 30, nozzle
plate 52 will be aligned in the X direction and have
virtually zero skew. This step is shown as step 3 in
Fig. 7.

In order to now machine datum 58 to align nozzle
plate 52 in the Y direction within carriage 30, support
table 124 is shifted into its initial position, and a
robotic arm (not shown) turns print cartridge 24 ninety
degrees and places print cartridge 24 into receptacle 174
secured to positioning table 129. This step is shown as
step 4 in Fig. 7. Receptacles 135 and 174 may incorporate
an air cylinder to apply a proper amount of pressure
against a side of print cartridge 24 to emulate the
pressure print cartridge 24 would experience in stalls
64-67 (Fig. 4a) in carriage 30. Preferably, receptacle
174 contacts datums 100 and 102 on print cartridge 24,
since datums 100 and 102 would be contacting a wall of
carriage 30. '

A camera 180 then focuses on nozzle plate 52 so-
that target T2 is imaged on CRT 182. (Imaging of target
T1, along with any necessary adjustments in software,
would be equivalent to imaging target T2.)
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direction to cause target T2 to match a reference target
position stored in memory of an ideal print cartridge
relative to router bit 116. This step is shown as step 5
in Fig. 7.

Once target T2 is aligned with the reference target
position in memory, support table 124 is shifted in the Y
direction so as to cause print cartridge 24 to pass the
router bit 116 to machine the end portion of datum 58.
This step is shown as step 6 in Fig. 7.

The resulting print cartridge 24 is then removed from
positioning table 129 using the robotic arm and placed
back on the conveyor belt. The robotic arm then takes
another print cartridge and performs the identical
operations.

As the finished print cartridges leave the machining
process, they are tested to determine whether the datums
100, 102, and 58 have been correctly machined with respect
to the nozzle plate. This testing is performed by
effectively placing a finished print cartridge in a
simulated carriage 30 stall and comparing the positions of
targets Tl and T2 on the nozzle plate to the positions of
corresponding reference targets on an ideal print
cartridge. Such a comparison is performed using two
cameras to detect targets T1 and T2. This step is shown
in step 7 of Fig. 7.

Any recurring differences between the position of the
nozzle plate on the actual print cartridge and on the
ideal cartridge are fed back to computer 132 in Fig. 6.
This information is then used by computer 132 to
automatically change the reference target positions in
memory to compensate for these recurring differences.

This feedback correction provided to the machining
apparatus of Fig. 6 compensates for any mechanical wear
and tear or other changes which naturally arise with
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maintained over the life of the apparatus shown in Fig. 6.

Numerous other machining apparatuses and methods may
be used to machine the datums 100, 102, and 58 to provide
the proper alignment of the nozzle plates on multiple
print cartridges when installed in carriage 30.

Accordingly, a novel print cartridge structure, a
method for aligning nozzle plates of multiple print
cartridges within a carriage, and a method for machining
datums on a print cartridge have been described in detail.

While particular embodiments of the present invention
have been shown and described, it will be obvious to those
skilled in the art that changes and modifications may be
made without departing from this invention in its broader
aspects and, therefore, the appended claims are to
encompass within their scope all such changes and
modifications as fall within the true spirit and scope'of
this invention. For example, any type of nozzle plate may
be used with this invention, including polymer nozzle
members formed in a flexible TAB circuit.



10. The method of Claim9 wherein said one or nore datums (58, 100, 102)
project fromsaid print cartridge body (106) and have a di nension which is

reduced by !mH u(“ (172/ 116), pased upon said position of said
nozzl e rre ;‘m \ cartri dge ody ( Bubytitute sheett127 Juoentd¥Bd of
Claim?9 mherelncsa1d oné or nore datuns (58, 100, 102) conprise at |east

two datuns whose dinensions are altered based upon said position of said
nozzl e nenber (52) on said print cartGLAEMS (24). 12. The met hod of

Claim 11 wherein saidjone gj gyﬁgrg@&§n§o£5§selgg ya 1PRIn€C@RPresEa t hree
dat uns whose di nensions are red based upon said position of said nozzle

menber (52)aBﬂa§éFHspFPﬂPr&§%?$rdge (24) .

a print cartridge (24) having a print
cartridge body (106);

a nozzle member (52) having a pattern of
orifices (161) formed therein, said nozzle
member (52) being secured to said print
cartridge body (106); and

one or more datums (58, 100, 102) formed
on said print cartridge body (106), a dimension
of any of said one or more datums having been
altered after said nozzle member (52) has begn

REPL ACEMENT&HEET secured to said print cartridge body (106), -
- said dimension of any of said cne or more
29 JUN 1996 datums being altered based upon a position of
cozed 1 said nozzle member (52) on said print cartridge
: IS | (24) .

2. The apparatus of Claim 1 wherein said one
or more datums (58, 100, 102) project out from said print
cartridge body (106), said one or more datums having a
height dimension, wherein said height dimension of any of
said one or more datums are altered based upon a position
of said nozzle member (52) on said print -cartridge (24).

3. The apparatus of Claims 1 or 2 wherein
said one or more datums (58, 100, 102) comprise a first
datum (58) for affecting a position of said print
cartridge (24) along a first axis when installed in an
ink printer and a second datum (100) affecting said
position of said print cartridge (24) in said ink printer
along a second axis.

4. The apparatus of Claim 3 further
comprising a third datum (102) for correcting a skew of
said print cartridge (24) when installed in said ink
printer, wherein altering of any of said first, second,
and third datums on said print cartridge (24) affects a



13. The nethod of Claim 9 further conprising the steps of:

conmparing one or nore target marks (T1, T2) on sai d nozzl e nenber (52)
to reference positions using an optical alignnent nmeans_ (132, 152,
itutgisheet - 27 June 1996
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position of said nozzle member (52) with respect to said
ink printer when said print cartridge (24) is installed
in said ink printer.

5. The apparatus of Claim 4 wherein
dimensions of said datums (58, 100, 102) are altered so
that when multiple cartridges (24,25, 26, 27), each
having a nozzle member (52), are installed in a carriage
(30) within an ink printer, each nozzle member (52) will
be aligned with respect to one another.

6. The apparatus of any one of the preceding
Claims wherein said dimension of any of said one or more
datums (58,. 100, 102) is altered based upon a comparison
of one or more target marks (T1, T2) on said nozzle
member (52) with respect to a reference position.

7. The apparatus of any one of the preceding
Claims further comprising a carriage means (30) for
supporting two or more print cartridges (24, 25, 26, 27)
in an ink printer, each of said print cartridges having
said one or more datums (58, 100, 102) formed on its
body, said one or more datums contacting surfaces (76) of
said carriage (30) such that altering a dimension of any
of said one or more datums causes said print cartridges
to be positioned differently on said carriage (30). |

8. The apparatus of Claim 7 wherein said one
or more datums (58, 100, 102) comprise three datums, each
of said datums having a dimension which affects a
position of said print cartridges (24, 25, 26,27) with
respect to said carriage (30) when said print cartridges
are installed in said carriage (30).
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(24) untili saPHPLACEMENTEKEETT1, T2) on said nozzle menber (52) mat ch
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mani pul ated go° ' ef marks (T1, T2) on said nozzle nenber
(52) match said reference positions. 14. The method of Caim?9
further conprising the stepof causing a nachine tool (172/116) to grind

down a di nension of any one of said one or nore datuns (58, 100, 102) so
that said printSeart & RGERGH)EoruR IHAGI NeEE e BemPAkSp(FAdelN will be
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steps of:

providing a print cartridge (24) having a nozzle
member (52) secured to a print cartridge body (106),
said nozzle member (52) having a pattern of orifices
(161) formed therein,

said print cartridge body (106) having one or
more datums (58, 100, 102) formed thereon; and

altering a dimension of any of said one or more
datums (58, 100, 102) based upon a position of said
nozzle member (52) on said print cartridge body
(106) .

10. The method of Claim 9 wherein said one or more
datums (58, 100, 102) project from said print cartridge
body (106) and have '‘a dimension which is reduced by a
machining tool (172/116) based upon said position of said
nozzle member on said print cartridge body (106).

11. The method of Claim 9 wherein said one or more
datums (58, 100, 102) comprise at least two datums whose
dimensions are altered based upon said position of said
nozzle member (52) on said print cartridge (24).

12. The method of Claim 11 wherein said one or more
datums (58, 100, 102) comprise three datums whose
dimensions are altered based upon said position of said
nozzle member (52) on said print cartridge (24).

13. The method of Claim 9 further comprising the
steps of:
comparing one or more target marks (T1, T2) on
said nozzle member (52) to reference positions using
an optical alignment means (132, 152, 154, 180); and

U0 ) R
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manipulating a position of said print cartridge
(24) until said target marks (T1, T2) on said nozzle
member (52) match said reference positions, a
dimension of any of said one or more datums (58, 100,
102) being altered depending upon a position of said
print cartridge (24) after said print cartridge (24)
has been manipulated so that said target marks (T1,
T2) on said nozzle member (52) match said reference
positions.

14. The method of Claim 9 further comprising the
step of causing a machine tool (172/116) to grind down a
dimension of any one of said one or more datums (58, 100,
102) so that said print cartridge (24), when installed in
an ink printer, will be positioned such that said nozzle
member (52) is aligned with other nozzle members of print
cartridges installed in said ink printer.

-
%
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ABSTRACT OF THE DISCLOSURE

DATUM FORMATION FOR IMPROVED ALIGNMENT OF
MULTIPLE NOZZLE MEMBERS IN A PRINTER

Jeffrey A. Thoman
David W. Swanson
Mindy A. Hamlin
Robert R. Beeson .
Precise alignment.between two or more nozzle plates
(52) affixed to print cartridges (24, 25, 26, 27)
installed in a single carriage (30) of an ink printer is
achieved by machining datum projections (58, 100, 102) on
each print cartridge (24-27) after its nozzle plate (52)
has been permanently secured to the print cartridge (24-
27). The machined datum projections (58, 100, 102) on the
print cartridge (24~27) contact surfaces (76) on the
carriage (30) when the print cartridge (24-27) is
installed in the carriage (30) such that the dimensions of
the datums (58, 100, TUz) affect the position of the

cartridge, and hence the nozzle plate (52), within the
carriage (30).
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